Introduction: Bariatric weight loss surgery is one of the most effective treatments for severe obesity. Research shows that the availability of healthcare services pre and post bariatric surgery improves behavioural change and weight loss outcomes. The aim of this systematic review is to assess the evidence relating to the use of telemedicine for providing health services to bariatric surgery patients. Methods: A search was conducted using PubMed, EMBASE, CINAHL, PsycNET and SCOPUS. Original research relating to telemedicine for bariatric surgery patients published in peer-reviewed journals were included. Results: Database search returned 258 references and a total of 10 studies were included in the review. Six studies assessed use, feasibility and acceptance of telemedicine by patients/practitioners. Studies also examined the use of telemedicine for weight loss, changes in physical activity, diet/eating or other behavioural changes. Two studies were randomised controlled trials; one showed a significant difference in outcomes between intervention and control group. Discussion: This review suggests that telemedicine may be a potential method for providing healthcare services to bariatric surgery patients. However, the current evidence base does not allow for definitive conclusions.
Introduction
Bariatric surgery is considered one of the most effective medical interventions for weight loss in the morbidly obese.
1,2 Bariatric surgery is recommended for those that have a body mass index (BMI) of !40 or those with a BMI !30 with coexisting comorbidities, namely diabetes or cardiovascular disease. 1, 2 There are a number of different bariatric surgery procedures available, however the most common include gastric banding, sleeve gastrectomy and gastric bypass. 3 Bariatric surgery reduces the size of the stomach and/or shortens the route through the intestines (bypass), effecting the volume and/or absorption of nutrients within the digestive tract. 4 Bariatric surgery is also known to affect the hormones involved in hunger and satiety, reducing hunger and increasing satiety and therefore influencing the physiological drivers of appetite and overeating. [5] [6] [7] The degree of weight loss and the success of long-term weight loss management depend on the individual's ability to make short and long-term changes in dietary intake, physical activity and behaviour. 1, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The support of bariatric healthcare providers during the pre-and post-operative phase of bariatric surgery therefore has a significant effect on patients' weight loss outcomes. 18 Bariatric surgery healthcare providers educate and support patients in making positive lifestyle changes for weight loss, weight loss maintenance and long-term self-management. 18, 19 The National Institute for Health and Care Excellence (NICE) Clinical Guideline 189 on Obesity identification, assessment and management, recommends pre-operative care and regular post-operative follow-up with a minimum of 2 years after bariatric surgery. 18 The current service model requires patients to travel to tertiary facilities. However research shows that due to a number of reasons, the majority of patients miss out on pre-and postoperative healthcare and access to essential services. [20] [21] [22] [23] [24] Many patients face barriers that reduce their access to healthcare, including limited regional and logistic resources such as lack of health services and healthcare workers and socio-economic circumstances. 25 Studies have shown that distance from urban areas is one key factor that effects attrition to aftercare. 20, 22, 25 Patients who are required to travel large distances could therefore benefit from access to services that provide healthcare support to patients from remote locations. Recently, telemedicine has emerged as a possible alternative form of health service delivery for bariatric surgery patients. The delivery of face-to-face support has been examined in previous research; however, little is known about the use of telemedicine as a novel approach in bariatric surgery support.
The aim of this literature review is to assess the evidence relating to the use of telemedicine for providing healthcare services to bariatric surgery patients.
Methods
The review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. 26 A systematic search of peer-reviewed journal articles, using MeSH terms and keywords, was conducted. Databases included PubMed, EMBASE, CINAHL, PsycNET and SCOPUS. The literature search was not limited by publication date and was completed in May 2018. For the purpose of this review, telemedicine was defined as the use of technology to provide healthcare for patients with bariatric surgery issues using methods such as videoconferencing, smart phones, mobile devices and web-based techniques. Healthcare support was defined as one-on-one or group support provided by one or more bariatric surgery healthcare provider: for instance, surgeon, endocrinologist or medical doctor, psychologist, dietitian, clinical nurse or exercise specialist. Health service may include preor post-patient review, advice, counselling or education. The search terms are outlined in Table 1 . Findings were analysed, relevant information capturing the content of articles was compiled and information was synthesised. The characteristics and categories are tabulated in Table 2 .
Eligibility criteria
All original research articles examining the use of telemedicine for providing health services to bariatric surgery patients of any age were included. Eligible studies used telemedicine interventions that involved education, support and/or feedback from one or more bariatric surgery healthcare providers. Only studies published in peer-reviewed journals and in the English language were included. Conference abstracts and posters, reviews and unpublished dissertations were excluded. Studies were also excluded if they reported on the technical design or evaluation of telemedicine models, pilot studies or telemedicine protocols that had not published results.
Data extraction
One author (BC) screened and extracted data from eligible studies. Information retrieved included: country of study, participant description (age, gender, baseline BMI), study design, pre-and/or post-surgery stage, setting, telemedicine intervention, outcome, mode of measurement, and results.
Results

Study characteristics
This review identified 10 studies that were relevant to the application of telemedicine in bariatric surgery care (see Figure 1) . Nine of these studies showed positive outcomes relating to the telemedicine use for providing services to bariatric surgery patients. [27] [28] [29] [30] [31] [32] [33] [34] [35] Feasibility studies represented the highest proportion of papers (n ¼ 5) followed by two randomised controlled trials (RCTs), two observational studies and one quasiexperimental study. There was a total of 818 participants. All studies involved adults >18 years of age, with the mean age range of 33 to 54.3. Female participants were dominant in nine studies [27] [28] [29] [30] [31] [33] [34] [35] [36] with six of these studies over 80% female, [27] [28] [29] [30] [31] 35 while one study was conducted on male participants only. 35 Sample sizes ranged from 6 to 388 and the mean duration of the intervention was 21.5 weeks. Four studies utilised multiple telemedicine intervention methods, 28, 31, 34, 35 the others used a single method of telemedicine. 27, 29, 30, 32, 33, 36 Telemedicine was mostly used to deliver care to patients at home (n ¼ 7). One study did not specify the setting. 36 Study locations included four in the USA 28, 29, 31, 33 and one each in Canada, 27 UK, 30 Finland, 32 Spain, 34 Sweden 35 and Germany. 36 
Retention of participants
Sample size varied considerably between studies; however, overall retention rates were good. Of the 818 participants recruited, 767 completed the course of the telemedicine intervention (94%).
Operative phase of intervention
Four studies examined the use of telemedicine in the pre-operative phase 27, 29, 31, 32 four in the post-operative phase, 28, 30, 35, 36 and two examined telemedicine use in both the pre-and post-surgery phases.
33,34
Quality of studies
Two RCTs explored the use of telemedicine in postoperative bariatric surgery care. 35, 36 One RCT found a significant improvement in eating psychopathology and quality of life (QOL) using online modules (OM) and telephone support (TP). 35 However, the other RCT, investigating the influence of the videoconferencing (VC) intervention on weight loss, health-related QOL and eating-related disorders, found no difference between the intervention and control group. 36 Two observational studies 29, 34 and one quasi-experimental study 32 showed a positive difference in various outcome measures, including weight loss, lifestyle behaviours, retention of knowledge and psychological parameters. The observational study by Eaton et al. 29 used OM to assess retention of information in the preoperative phase. The observational study by Vilallonga et al. 34 combined mobile devices (MD) with instant store and forward (SF), email (E) and telephone (TP) support, to assess the potential of pre-and postoperative follow-up of patients' progress in the home environment. The quasi-experimental study by SherfDagan et al. 32 aimed to evaluate the effect of a presurgery online education module to increase patients' Figure 1 . PRISMA flow diagram of search process. 28 knowledge of nutrition, weight loss expectations and anxiety. Patient knowledge increased significantly in the intervention group compared with the control group. Five studies assessed feasibility and acceptability of patient or patient and healthcare providers use of telemedicine in areas of knowledge acquisition, weight loss, physical activity, diet/eating and/or behavioural change. 27, 28, 30, 31, 33 A high satisfaction level with the telemedicine intervention and positive outcome measures were reported in all five of the feasibility studies.
Telemedicine approach
The delivery of online education modules for providing support was used in five studies, 28, 29, 31, 32, 35 and was the most prominent telemedicine method applied. Videoconferencing was used in three studies, 27, 30, 36 and the remaining studies used either mobile devices with store and forward 34 or, teleconferencing.
33
Health areas
The primary focus of most studies was on achieving behavioural change. Eating behaviour and physical activity were examined in five (50%) of the studies. 27, 28, 31, 35, 36 The attrition and retention of health knowledge relating to preparation for bariatric surgery and aftercare were examined in three studies. 29, 31, 32 Weight loss as an outcome was investigated in only three studies. 28, 34, 36 The most commonly used healthcare specialty was mental health, followed by the bariatric surgery. The use of a multidisciplinary team including the surgeon alongside other specialty healthcare services was included in five studies (50%). 27, 29, 30, 32, 34 
Discussion
This study is important, as it is the first to review the use of telemedicine in bariatric surgery care. Few studies found that telemedicine is well-received by the patients and had some significant effect in health outcomes. Overall, the results of these studies were supportive of telemedicine for providing health services to bariatric surgery patients. Telemedicine has been particularly effective in achieving positive changes in eating behaviour, physical activity and level of knowledge relating to nutrition or surgery. Interestingly, only three studies focused on weight management as a primary outcome; 28, 34, 36 perhaps surprising, given that the goal of bariatric surgery is to maximise weight loss and weight maintenance in the morbidly obese. This review found that telemedicine was used to deliver services to home in 70% of studies, [27] [28] [29] 31, 32, 34, 35 while 10% were delivered to the hospital setting. 30, 33 In both home and hospital settings, patients had high satisfaction and acceptability of telemedicine. In terms of study design, 50% of the studies was feasibility studies. 27, 28, 30, 31, 33 Only two studies were RCTs. 35, 36 One RCT 35 found a significant improvement in eating psychopathology and QOL using OM and telephone support (TP). The other RCT, 36 investigating the influence of the video-consultations on weight loss, health related QOL and eating related disorders, found no significant difference. Conflicting results and the inadequate evidence limit the ability to determine the effect of telemedicine. Results of several studies suggest that telemedicine has the potential to improve the knowledge base of bariatric surgery patients in the preoperative phase, to help prepare patients for lifestyle change after surgery. We acknowledge that the absence of quality assessment of the studies as a limitation of this review. The heterogeneity of study design in the reviewed studies does not allow for interventions and outcomes to be compared or contrasted.
Conclusion
This is the first review to examine the use of telemedicine as an intervention for delivering healthcare to bariatric surgery patients. The focus of most telemedicine interventions has been on creating behavioural change, particularly in the area of eating behaviour and physical activity. This is not surprising considering that behavioural change is linked to successful short-and long-term weight loss, and weight maintenance, following bariatric surgery. This review shows the potential of telemedicine for providing support for bariatric surgery patients in the pre-and post-operative phase. Telemedicine may improve continuity of care in preand post-bariatric surgery patients. However, the current evidence-base relating to this field is small; therefore, it is hard to draw conclusions. More robust research studies must be conducted to establish a strong evidence-base that will help integrate telemedicine in providing health services to bariatric surgery patients.
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